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Introduction: Context effects are described as effects of
a given treatment, not directly caused by the treatment
itself, but rather caused by the context in which treatment
is delivered. Exercise is a recommended core treatment in
clinical guidelines for musculoskeletal disorders.
Although moderately effective overall, variation is seen in
size of response to exercise across randomised
controlled trial (RCT) studies. Part of this variation may
be related to the fact that exercise interventions are
performed in different physical environments, which may
affect participants differently. The study aims to
investigate the effect of exercising in a contextually
enhanced physical environment for 8 weeks in people
with knee or hip pain.
Methods and analysis: The study is a double-blind
RCT. Eligible participants are 35 years or older with
persisting knee and/or hip pain for 3 months.
Participants are randomised to one of three groups: (1)
exercise in a contextually enhanced environment, (2)
exercise in a standard environment and (3) waiting list.
The contextually enhanced environment is located in a
newly built facility, has large windows providing
abundant daylight and overlooks a recreational park. The
standard environment is in a basement, has artificial
lighting and is marked by years of use; that is,
resembling many clinical environments. The primary
outcome is the participant’s global perceived effect rated
on a seven-point Likert scale after 8 weeks exercise.
Patient-reported and objective secondary outcomes are
included.
Ethics and dissemination: The Regional Scientific
Ethical Committee for Southern Denmark has approved
the study. Study findings will be disseminated in peer-
reviewed publications and presented at national and
international conferences.
Trial registration number: NCT02043613.
INTRODUCTION
The physical environment affects the persons
in it and may potentially be of signiﬁcance
for health and treatment effects. Studies on
the role of physical environments conducted
in hospital settings have reported that factors
such as noise, daylight deprivation and light
intensity may increase stress and pain level,
reduce patient satisfaction and affect length
of hospital stay.1–5 Many rehabilitation and
hospital exercise facilities are today located
in large rooms in basements or other win-
dowless rooms with poor acoustics, not
designed for optimal exercise therapy deliv-
ery. Such inexpedient physical environments
may affect patients negatively and potentially
result in a poorer result from the exercise or
rehabilitation, if patients are feeling unwel-
comed or are not motivated to comply with
the exercise in the given environment.
Theoretically, enhanced physical environ-
ments may create a positive atmosphere,
enhance communication during exercise
and potentially improve exercise perform-
ance, compliance and perceived well-being.
Exercise is recommended as a lifelong treat-
ment for chronic diseases such as cardiovas-
cular diseases, diabetes and musculoskeletal
disorders, including hip and knee osteoarth-
ritis (OA) and joint pain. Despite the high-
level evidence that exercise provides on
Strengths and limitations of this study
▪ The randomised controlled trial aims to investi-
gate the effect of the physical environment on
the effect of exercise therapy.
▪ The study focuses on the significance of the
context in which treatment is delivered.
▪ The physical environment is a single component
of the multifactorial concept of contextual effect,
and isolating only one component may be diffi-
cult as interaction between several components
may occur.
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average moderate pain relief and functional improve-
ment in patients with OA, large variation in effect is
observed across studies and treatment effects may vary
from small to large.6 7 In addition to differences in
characteristics of the exercise programmes studied, this
may also relate to the fact that exercise interventions
have been performed in different physical environments
and that these environments may inﬂuence patients dif-
ferently.8 It is plausible, but currently unknown, whether
the physical environment can be modiﬁed in ways that
enhance the effect of exercise therapy. To the best of
our knowledge, this is the ﬁrst trial to actively investigate
if modiﬁcation of the physical environment can be used
in a positive way to enhance the effect from exercise
therapy.
This study applies the term ‘context effect’ as a
framework for elucidating how treatment effect is
potentially caused by a complexity of factors in addition
to the actual treatment effect. Context effects are
deﬁned as the effects of a given treatment, not directly
caused by the treatment itself, but rather caused by the
context or environment in which the treatment is
given.8–11 Context effects may be considered as a paral-
lel to placebo effects, which have been one of the most
debated topics in modern medicine.12–15 Several
authors have objected to the term placebo, as they
argue that the deﬁnition is self-contradictory and inad-
equate.9 16–19 Placebo is classically deﬁned as giving an
inert substance or treatment.10 18 However, if placebos
are inert, they cannot have an effect, and if they have
an effect, they cannot be inert.9 10 16 18 Other terms
have been suggested, such as non-speciﬁc effect, non-
characteristic effect, incidental effects, meaning
response, placebo components and context effects, as
applied in this study.9 20–24 A clear distinction should
be made between placebo effects and context effects.
Placebo is associated with giving pills, injections or
having surgery and often entails a form of deliberate
deception, whereas context effects rather classify factors
creating or enhancing a treatment effect.8–11 Factors
contributing to context effects can be divided into dif-
ferent categories, such as characteristics of the patient
and the practitioner, type of treatment, nature of
disease and the physical environment.8 11 This study
will focus on the physical environment where exercise
therapy is delivered, as it can be modiﬁed in a standar-
dised and reproducible way to potentially enhance
adherence and enhance the positive effects of exercise
therapy.
The study aim is to investigate the effect of exercising
in a contextually enhanced physical environment for
8 weeks in people with knee or hip pain. We hypothesise
that participants exercising according to a standardised
programme in a contextually enhanced physical environ-
ment will report greater improvement from exercise
compared with participants following the same exercis-
ing programme in a standard physical environment as
measured by patients’ global perceived effect (GPE).
Further, we expect that the two exercise groups will be
superior to a passive waiting list (WL).
METHODS AND ANALYSIS
Study design
This study is designed as a three-armed randomised con-
trolled clinical trial. Participants are randomised to
three intervention groups: exercise in a context
enhanced physical environment (EX+ROOM), exercise
in a standard physical environment (EX) or WL.
Participants, investigators and exercise instructors are
blinded to treatment allocation. The primary end point
is the patient’s GPE assessed after 8 weeks exercise on a
seven-point Likert scale. Results from this study will be
reported according to the CONSORT statement.25
Participants
Eligible participants are 35 years or older, self-reporting
persisting knee and/or hip pain within the past
3 months and are willing and able to attend exercise
therapy twice weekly at the University of Southern
Denmark, Odense M. Exclusion criteria are: (1)
comorbidities or contraindications prohibiting participa-
tion in exercise therapy; (2) inability to answer question-
naires or to speak, read or understand Danish; (3)
already participating in exercise therapy, deﬁned as an
exercise programme supervised by a physiotherapist, or
systematic training with a duration of 6 weeks or more
started within 3 months to inclusion, aimed speciﬁcally
at relieving knee or hip joint problems; (4) having had
surgery to the hip/knee within the past 3 months or
waiting for joint surgery in the coming 6 months.
Participants are recruited via different pathways: posters
and informational leaﬂets at general practitioners’
ofﬁces, the orthopaedic department at Odense
University Hospital or participant initiated contact
through posters and articles in local newspapers, social
media and word of mouth (ﬁgure 1). Participants are
screened via telephone and, if eligible, they are invited
to a baseline visit and written information is sent to the
participants. At the baseline visit, the primary investiga-
tor gives oral information regarding the study and the
participant signs the consent form if they are willing to
participate. Baseline testing is performed directly
hereafter.
Intervention
Participants are randomly assigned to one of three
groups.
Group EX+ROOM: exercise in a contextually enhanced
physical environment
This exercise room is placed on the second ﬂoor in a
newly built facility. It has a view to a newly reconstructed
outdoor sport and recreational park. It has not been
previously used in studies investigating exercise as a
treatment option.
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Group EX: exercise in a standard physical environment
This group will exercise in a room, which has been used
in other exercise studies. The room is marked by years
of use. It is placed in the basement and accessed
through a series of staircases and hallways through the
basement. This facility resembles many existing exercise
facilities at hospitals and rehabilitation clinics and is con-
sidered a standard exercise environment.
Contextual factors
The physical environments are described and classiﬁed
by a variety of contextual factors (table 1).
Acoustic properties such as speech interpretability,
reverberation and background noise are measured by
use of standard acoustic methods.26 Better acoustic
properties, such as shorter reverberation time and
higher speech interpretability, may reduce stress and
improve communication. In hospital environments, high
noise levels are associated with worse patient outcomes
such as psychological stress and satisfaction with care.27
Background noise (dB(A)) is measured in empty rooms.
Reverberation is measured as T20, the time interval for
a 20 dB decay within a room. Reverberation is a measure
of how long it takes for sound to decay in a room and a
long reverberation time affects speech comprehension
negatively.26 Reverberation and speech interpretability
are descriptive of how well speech is perceived in a
room. Speech interpretability is measured as speech
clarity and transmission. Speech clarity is measured as
Clarity Index within the initial 50 ms (C50); it compares
Figure 1 Flow chart, overview of the recruitment flow in the CONEX trial.
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early sound reﬂection with later sound reﬂection. Early
sound reﬂections are positive for speech interpretability
and later sound reﬂection will be perceived as noise.
A high C50 indicates good speech interpretability.
Speech Transmission Index (STI) is a measure of sound
quality in transmission from sound source to receiver.
Reverberation and speech interpretability are derived
from tape recordings of loud clear noises emitted in the
exercise rooms. Acoustic measures are obtained from
two positions in the room with small, medium and large
distance to the sound source. Light intensity is assessed
using an adapted method from Walch et al.29 Light
intensity is measured using a LUX meter (Amprobe,
LM-100, light meter, Everett, Washington, USA) in two
representative positions in the exercise rooms and add-
itionally directly at windows, if present in the room.
Three consecutive measures are obtained from each pos-
ition and averaged. Light measurements are taken as
close to the exercise time as possible. Daylight and
brighter rooms are associated with lower pain percep-
tion and lower postoperative analgesic intake in hospital
environments.28 29 Air quality is described by CO2 con-
centration, temperature and air humidity in the exercise
rooms during exercise. It is assessed with an air quality
data logger, set to collect data at 30 s intervals (Trotec,
BZ-30, data logger, Heinsberg, Germany). Furthermore,
carefully selected pictures of nature scenes are hung in a
contextually enhanced physical environment. Viewing
nature pictures or visual stimuli of nature elements has
been known to reduce stress in an ofﬁce setting and
inﬂuence recovery time and decrease pain in patients
following surgery.1 5 30–33
Exercise
The exercise programme for participants in the EX
+ROOM and EX group is based on the standardised
NEuroMuscular EXercise (NEMEX) programme. It is
described in detail elsewhere34 and has previously
been investigated for feasibility in patients with severe
knee or hip OA.34 The NEMEX programme is based
on biomechanical and neuromuscular principles,
which aim to improve sensorimotor control and
achieve functional stability.34 The NEMEX programme
has previously been shown to be effective in relieving
pain and improving function in populations with
knee or hip pain such as anterior cruciate ligament
injuries,35–38 meniscectomised participants,39 40 and
patients with hip or knee OA undergoing total joint
arthroplasty.34 41 Exercise is performed as a group
exercise, and all exercise sessions are supervised. All
instructors will be certiﬁed in the NEMEX pro-
gramme. To ensure consistency between instructors,
they will participate in a 2-day course, Good Life with
OA in Denmark, focusing on lower limb OA manage-
ment and neuromuscular exercise. After completing
the course, all instructors will go through the exercise
programme with the primary investigator to ensure
consistency in instructing and supervising exercise as
well as going through how volume, load and progres-
sion of exercise and pre-exercise and postexercise pain
should be documented in participants’ exercise
dairies. The EX+ROOM and EX group will exercise
on the same weekdays, twice a week for 1 hour dur-
ation. An instructor will ﬁrst supervise the EX+ROOM
group and then the EX group. Consequently, all of
the instructors will have supervised the NEMEX pro-
gramme in both physical environments and for the
same amount of time, that is, if an instructor super-
vises the EX+ROOM group, then they will supervise
the EX group as well. This is done to ensure consist-
ency in delivery instructions and supervision of exer-
cise across study participants and to ensure that any







Strength (Lux) @ @
Source Daylight + artificial light Artificial light
Window/no window Windows, floor to ceiling No windows
Air quality
CO2 (ppm) @ @
Temperature (°C) @ @
Humidity (%) @ @
Sound/noise
Background noise (dB(A)) @ @
Speech clarity (C50, STI) @ @
Reverberation (T20) @ @
Décor Wall decorations Picture of nature scenes No decorations
View View of nature and outdoor
exercise environment
No view
Parameters assessed in the different physical environments @=assessed/measured and will be reported.
C50, clarity index with first 50 ms of sound; ppm, parts per million; STI, Speech Transmission Index; T20, reverberation time for sound decay
of 20 dB.
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effect that a given instructor may have on the exercise
and participants should be similar between physical
environments.
Group WL: WL/control group
Participants randomised to a WL are placed on a passive
WL for a period of 8 weeks, and thereafter offered
8 weeks of structured resistance exercise. These partici-
pants act as an observational group and represent the
natural course of disease in participants with knee and/
or hip pain. After the 8 weeks when follow-up data for
the current study have been collected, the participants
are offered resistance exercise rather than neuromuscu-
lar exercise for logistic reasons, such as avoiding taking
up place in the designated exercise rooms used in the
study and consequently affecting the time to completion
of the study.
Primary outcome
Participants’ GPE assessed at 8 weeks will be the primary
end point of the trial. Participants are asked to respond
to the following question: Compared to before you entered the
study, how are your knee/hip problems now? on a seven-point
Likert scale. The GPE scale ranges from ‘markedly
worse’ through ‘no change’ to ‘markedly improved’.
GPE is a reliable method for measuring the effect of
clinical interventions.42 43 It has previously been used in
studies investigating contextual effect of treatment.44
The validity of GPE scales has been questioned.
However, a study on the correlation between transition
ratings and prescore and postscore of quality of life ques-
tionnaires showed a correlation of 0.8 between the
change score of the questionnaire and the transition
ratings suggesting that transition scales, such as GPEs,
are valid for detecting changes and can be used in clin-
ical trials as primary outcome measures.43
Secondary outcomes
All outcomes and time points for data collection are
listed in table 2.
Patient-reported outcomes
Participants answer the Danish versions of the Knee
injury and Osteoarthritis Outcome Score (KOOS) or the
Hip disability and Osteoarthritis Outcome Score
(HOOS) depending on either knee or hip problem
Table 2 Summary of collected data and time points
Variable Baseline 4 weeks 8 weeks
Baseline data
Height (cm) @ NA @
Weight (kg) @ NA @
Age (years) @ NA NA
Gender (F/M) @ NA NA
Marital status @ NA NA
Educational level @ NA NA
Employment status @ NA NA
Alcohol consumption @ NA NA
Smoking @ NA NA
Physical activity level at work and leisure @ NA NA
Primary outcome
Global perceived effect (7-point Likert scale) NA @ @
Secondary outcomes
Patient-reported outcomes
Knee/Hip Injury and Osteoarthritis Outcome Score @ @ @
Short-form 36 Health Survey @ @ @
Modified Arthritis Self-Efficacy Scale @ @ @
Patient Acceptable Symptom State (y/n) NA NA @
Patient satisfaction (5-point Likert scales) NA NA @
Stress (100 mm VAS) @ NA @
Objective physical function tests
Aerobic capacity (ml O2/min/kg) @ NA @
Isometric strength hip abduction (Nm) @ NA @
Isometric strength knee extension (Nm) @ NA @
Single-limb mini squat @ NA @
Knee bends/30 s (n) @ NA @
Chair stands/30 s (n) @ NA @
Walking test, 40 m fast paced (s) @ NA @
One leg hop of distance (cm) @ NA @
Summary of primary and secondary outcomes and respective time collection points.
@, assessed/measured; F, female; M, male; NA, not assessed; VAS, visual analogue scale.
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being the primary cause of pain. The KOOS and HOOS
are joint-speciﬁc questionnaires, developed to assess par-
ticipants’ opinion about their knee or hip problems.45 46
They consist of ﬁve subscales: pain, symptoms, activities
of daily life function, sport and recreational function,
and joint-related quality of life.47 Each subscale consists
of a set of items speciﬁc to the subscale and each item is
assessed via a Likert scale with ﬁve possible answer
options ranging from 0 (no problems) to 4 (extreme
problems). The Likert score is transformed into a 0–100
scale with 0 representing extreme knee problems and
100 representing no knee problems.45 The KOOS and
HOOS have good psychometric properties for patient
groups with knee injury, knee replacement, hip dysfunc-
tion and hip replacement.46–50
The Medical Outcome Study 36-item short form
general health survey (SF-36) is a generic patient-
reported health status measure.51–53 It consists of 36
items organised under eight subscales: (1) physical func-
tioning, (2) role limitations because of physical health,
(3) bodily pain, (4) social functioning, (5) general
mental health, (6) role limitations because of emotional
problems, (7) vitality and (8) general health percep-
tion.53 Low scores indicate limitations in activities and a
perception of poor health, while high scores indicate no
limitations and good health.53 Validity and reliability of
the SF-36 is adequate and the questionnaire is widely
used.51 52
A modiﬁed measure of self-efﬁcacy is included to
evaluate patients’ perception of functionality or limita-
tions to their functionality caused by their knee or hip
problem. Self-efﬁcacy is deﬁned by Bandura54 as “belief
in one’s capability to organise and execute the course of
action required to produce given attainments”.
Self-efﬁcacy is assessed with a modiﬁed version of the
Arthritis Self-Efﬁcacy Scale (ASES)55 previously used in a
similar patient group.56 The modiﬁed version of ASES
consists of 11 single items from the two subscales, pain
and other symptoms. Participants rate their ability to
cope with pain and symptoms related to their joint
problem on a 10–100 scale, with 10 indicating very
uncertain and 100 indicating very certain with 10-point
increments.57
A series of single-item questions are included. The
Patient Acceptable Symptom State is assessed by asking a
single yes/no question: “Considering your knee func-
tion, do you feel that your current state as satisfactory?
With knee function you should take into account all the
activities you have during your daily life, your level of
pain and other symptoms and your quality of life.”58 If
participants rate their current symptom state as
unacceptable, a follow-up question is asked as to
whether they consider the treatment to have failed.
Further, participants are asked to answer ﬁve GPE ques-
tions speciﬁc for each of the ﬁve subscales of either the
KOOS or HOOS, rating either improvement or deterior-
ation and ﬁnally an indication of whether these changes
are perceived as important or unimportant by the
participants. These single items are included in order to
assess minimal clinical important changes for the ﬁve
subscales of the KOOS and HOOS. Stress is estimated as
‘general stress level’ measured on a 100 mm visual ana-
logue scale ranging from no stress to stress as severe as
could be.59
Patient-reported outcomes are collected using an
online survey. At baseline and 8 weeks follow-up, partici-
pants answer the survey on a computer in the examin-
ation room without the investigator being present. At
4-week follow-up, an email is sent to participants, who
answer at home. To ensure high data completion, an
email reminder is sent if no reply is received within 3–
5 days. Further, participants are called by phone if there
is no reply to the reminder email.
Functional performance
Patients’ aerobic capacity is estimated during a submaxi-
mal work rate bicycle test.60 Patients pedal until they
reach a steady state, with a stable pulse rate ranging
between 120 and 170 bpm, normally within 6–7 min.60
Participants’ aerobic capacity is estimated from work rate
and stabile pulse rate by the use of Åstrand’s
Nomogram.60
Maximal isometric knee extension and hip abduction
strength will be tested using dynamometry ( JTECH
medical, Commander Echo, Salt Lake City, Utah, USA).
A suction cup is mounted on a door behind the examin-
ation couch. A strain gauge, measuring pull in Newton,
is placed in between the suction cup and a ﬁxation belt
strapped around the participant’s ankle above the lateral
malleoli. For knee extension, participants sit on an
examination couch with a hip angle of 90° and a knee
angle of 90°. Participants are asked to press against their
foot the belt in a forward motion. The distance from the
knee joint axis to the middle of the ﬁxation belt is mea-
sured. Consequently, isometric muscle strength is mea-
sured as torque. For hip abduction, participants lie on
the couch with the tested leg straight and are asked to
press the lateral malleoli against the belt. The distance
from the trochanter major on the femoral bone to the
middle of the ﬁxation belt is measured. One practice
trial is allowed and thereafter three maximal contrac-
tions are performed separated by a 60 s pause. Isometric
muscle strength is normalised to body weight to increase
comparability. The methods for assessing isometric
muscle strength have been adapted from Thorborg
et al61 who reported good intertester reliability with an
interclass correlation coefﬁcient ranging from 0.76 to
0.95 and SE of measurement between 5.0% and 10.4%
for hip and knee strength assessments.
Physical function is assessed by ﬁve performance tests:
(1) single limb mini squats,62 (2) number of knee bend-
ings on one leg during 30 s standing,63 64 (3) number of
chair stands during 30 s,6 66 (4) 40 m fast-paced walking
test65 and (5) one leg hop for distance.63 All perform-
ance tests have been found valid to assess lower extrem-
ity function in different patient groups with knee or hip
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problems.63 66–68 As large variation regarding age and
function within participants of this trial is expected, a
test battery with a wide range of difﬁculty of the per-
formance tests is therefore chosen to ensure that all par-
ticipants would be challenged. A ﬂoor effect may be
evident in the one leg hop for distance test as some par-
ticipants may not be able to hop at all. No ceiling effects
are expected for any of the functional performance
measures.
Explanatory outcomes and nested qualitative study
To investigate how the physical environment and other
potential context factors, such as participant and practi-
tioner interaction and behaviour, may interact and
mediate the treatment effects, explanatory outcomes are
included. Explanatory outcomes have been selected to
explain the process by which context effects work and
possibly elucidate which elements within the physical
environment enhance treatment effects and how these
elements affect the patients and practitioners. A qualita-
tive study will be embedded within the randomised con-
trolled trial (RCT) design. The aim of the qualitative
study is to investigate how the participants experience
the two different physical environments. Observation is
performed in both rooms during exercise sessions to
describe and identify behaviour of practitioners and par-
ticipants speciﬁc to the different physical environments.
Focus group interviews will be conducted with partici-
pants to investigate their experiences with the exercise
environments and to invite participants to articulate and
elaborate on their thoughts on how the physical environ-
ment has affected them. Three focus group interviews
will be conducted with a total of 10–20 participants from
the contextually enhanced physical environment and
three focus group interviews with a similar number of
participants from the standard physical environment,
that is, six focus groups in total. Participants invited to
the focus groups will be those randomised to exercise in
the RCT design (group EX+ROOM and group EX).
The interviews will be transcribed and analysed using
thematic coding comparing within and across the differ-
ent physical environments. Additionally, in-depth indi-
vidual interviews will be performed with six participants.
To ensure the blinding of participants throughout the
study, all interviews will be conducted after the interven-
tion and after follow-up testing has been completed.
Additionally, a patient-reported outcome ‘participant
satisfaction’ is reported as participants’ satisfaction with
the exercise intervention in itself as well as satisfaction
with speciﬁc contextual factors within the physical envir-
onment. Eleven single items scoring the different factors
of the physical environment, such as lighting, cleanli-
ness, access, decoration, etc, are administered to partici-
pants in intervention groups EX+ROOM and EX. The
items are adapted from Tsai et al.69 Satisfaction is scored
on a ﬁve-point Likert scale ranging from 1 to 5
(1=strongly dissatisﬁed, 2=dissatisﬁed, 3=fair, 4=satisﬁed
and 5=strongly satisﬁed).
Compliance and adverse events
In the two exercise groups, compliance is considered
good at 75% or if 12 of 16 possible exercise sessions are
attended. Participants in the WL group are asked at
8 weeks follow-up whether they have started any exercise
courses within the past 8 weeks. If answering yes, they
are asked to describe the change. This is done in order
to account for compliance to the WL design.
Self-reported adverse events occurring in between exer-
cise sessions are recorded at 4 and 8 weeks in the online
survey. Adverse events are deﬁned as any events that the
participants found were restricting them physically, men-
tally or socially. Participants also indicate whether they
have been in contact with either their general practi-
tioner or the hospital in relation to their adverse event.
Any adverse events occurring during the exercise ses-
sions are recorded by the supervising instructors.
Randomisation
Randomisation is performed immediately after baseline
assessment and is administered by a research coordin-
ator not otherwise involved in the study. Patients are
consecutively assigned and given a numbered, sealed
opaque envelope entailing treatment allocation. The
randomisation sequence is computer-generated and pre-
pared by a statistician with no clinical involvement in
conducting the trial. To avoid imbalances in treatment
allocation among people with knee and hip pain, two
block randomisation lists were computer-generated (with
a 2:2:1 allocation). The block size is kept secret to main-
tain blinding; each block consisted of either 5 or 10
patients. The randomisation lists and envelopes are kept
in a secure location at the university.
Blinding procedure
Participants are blinded to the study aim in order to avoid
excess focus on the physical environment, which poten-
tially could exaggerate context effects from the physical
environment. Participants are therefore informed that
they are participating in a study evaluating the effects from
exercise compared with being on a WL and are not aware
that the true aim of the study is to investigate the possible
additional effect from an enhanced physical environment
on exercise. The instructors supervising the exercise ses-
sions are also not informed about the true aim of the
study. However, they are aware that exercise sessions are
performed in different rooms as they supervise sessions in
both rooms. The instructors have been informed that the
different exercise rooms are used for practical and logistic
reasons. The primary investigator conducting baseline and
follow-up testing is also blinded to treatment allocation,
and participants are instructed to not to speak about the
intervention with the investigator, thereby keeping blind-
ing intact.
Sample size estimation and power considerations
This study is designed as a superiority trial with three
groups (EX+ROOM, EX and WL). Since this is the ﬁrst
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study to investigate the additional effect of an enhanced
physical environment on the effect of exercise therapy
as treatment for knee or hip pain, there are no previous
data on which to base our sample size estimation. Thus,
the power calculation is based on factors such as feasibil-
ity, that is, how many participants will be realistic to
include with the recruitment period and pragmatic
issues such as availability and capacity of the different
exercise rooms. Taking these aspects into consideration,
100 participants will be included in the trial. To be able
to account for the natural disease progression or regres-
sion towards the mean, the WL is included in the
design. A randomisation with a 2:2:1 allocation is
chosen, and thus 40 participants are randomised to the
EX+ROOM and EX groups, respectively, and 20 partici-
pants are randomised to the WL group. We anticipate
that individuals in the WL group will experience limited
effect. With 40 participants in each of the two exercise
groups (EX+ROOM and EX), we are able to detect a dif-
ference of 0.75 on the GPE scale ranging from −3 to 3
with a SD of 1.2, a p value of 0.05 and a power of 80%.
Statistical evaluation
All three intervention groups (EX+ROOM, EX and WL)
will be examined for comparability at baseline with
respect to demographic factors using analysis of variance
(ANOVA) and χ2 test as appropriate.
The primary analysis on the GPE data will be con-
ducted with a Student unpaired t test comparing the EX
+ROOM intervention group with the EX intervention
group at the 8-week follow-up. The Bonnet-Price median
test will be conducted if assumption of normality in the
GPE data is not supported. The WL intervention group
is considered a reference group describing the natural
progression of disease for the included study population
and is not included in the primary analysis. However, to
check the general assumption that exercise is more
effective than no intervention, an unpaired t test is con-
ducted to compare the exercise groups with the WL.
The secondary outcomes, the KOOS/HOOS, SF-36,
ASES and physical function outcomes, are analysed as
repeated measures (ie, change from baseline over 4 and
8 weeks follow-up for patient-reported outcomes and base-
line to 8-week follow-up for physical function tests) apply-
ing a mixed linear effects model with ‘participant’ as the
random effect and sex, age and joint as ﬁxed effects. As
for the primary outcome, only the EX+ROOM and EX
groups are compared. Additionally, to test an a priori
hypothesis of a graded relationship between groups EX
+ROOM>EX>WL, a linear test for trend will be conducted
as an explanatory analysis on all outcomes. A χ2 test for
trend is applied for dichotomous outcomes and a linear
test for trend is applied for continuous outcomes. Pairwise
comparison of groups will be conducted if the trend test
was signiﬁcant, to describe the association between group
and outcome, that is, EX+ROOM versus EX and EX versus
WL. For dichotomised outcomes, a χ2 test is applied, and
for continuous outcomes ANOVA is applied.
Intention-to-treat analysis is performed and the last
observation is carried forward for missing data at
follow-up for secondary outcomes. The primary
outcome is a transition score, which is not assessed as
baseline. For any participants lost to follow-up, GPE data
will be missing. Further, a per-protocol analysis is con-
ducted including only those with good compliance with
the exercise intervention (participated in at least 12 of
16 sessions) in the EX+ROOM and EX groups,
respectively.
A detailed statistical analysis plan will be drafted and
approved by all authors before being made publicly
available prior to breaking the randomisation code and
conducting data analysis. To further minimise the risk
for bias introduced during analysis and interpretation,
data analysis will be performed by a third party not
otherwise related to the study. Intervention groups will
be allocated with arbitrary names. Interpretation will be
performed by the primary investigator in collaboration
with the research team prior to revealing treatment allo-
cation, thereby interpreting the results blindly.70
Consequently, two interpretation scenarios will be
drafted on the basis of the primary outcome data, that
is, comparing treatment A with treatment B, one assum-
ing that group A will be the EX+ROOM group and the
other assuming that A will be the EX group.
ETHICS AND DISSEMINATION
The ﬁndings of this study will be disseminated though
peer-reviewed publications and through international
conference presentations.
The primary ethical concern in this study is that the
true aim of the study is withheld from participants.
Withholding the aim disables participants from consider-
ing the implications of the research and from assessing
whether or not they want to contribute to the investiga-
tion of this aim. However, blinding the true aim is
imperative to the study design as an effect from the
physical environment may be overestimated or underesti-
mated if participants are explicitly made aware of the
actual aim of the study. Participants are therefore told
that the study is designed to investigate the effect of
neuromuscular exercise as an early treatment strategy
for musculoskeletal pain. Similarly, the supervising
instructors are also blinded to the true aim of the study.
The instructors are aware that the exercise is performed
in different environments, but they are told this due to
logistic reasons. The ethics committee has been expli-
citly made aware that study participants and instructors
are not made aware of the true study aim and despite
this sanctioned the study without any reservations or
conditions.
DISCUSSION
Context effects may constitute an important part of the
effects of exercise therapy. Investigating context effects
will provide knowledge on how the physical environment
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may be exploited to enhance the effects of exercise
therapy in addition to the effect of the speciﬁc exercise.
Exercise is an effective and widely used core treatment
strategy for chronic diseases, such as musculoskeletal dis-
orders, cardiovascular disease and diabetes. Adding to
the effect of exercise through context effects from a con-
textually enhanced physical environment in exercise
facilities may be highly beneﬁcial for patients across a
number of diseases.
Previous research in context effects from physical
environments has been conducted in hospital settings.27
A comprehensive review from 2008 showed that certain
elements within a hospital context, such as noise and
lighting level, have an impact on the number of medical
errors as well as increased pain and stress levels for
patients and staff. 27 Research in other healthcare set-
tings has been sparse. During an initial literature review,
only one study was identiﬁed as having investigated phys-
ical therapy and its relation to the physical environment.
The literature review comprised groups of search terms
for context effects, exercise/physical therapy and terms
for physical environments. Articles were searched for in
MEDLINE, Scopus and single-speciﬁc journals such as
the Health Environment Research and Design journal. When
reviewed, this single study used observation, surveys and
interviews to learn more about the design of a hospital
rooftop garden rather than investigating if the physical
environment had an additional effect on the physical
therapy.71 Further, the therapy of the study was
described as activities including gardening, golf putting
and events such as concerts or barbeques, not regular
exercise. Consequently, this is, to the best of our knowl-
edge, the ﬁrst study to investigate if there is an effect
from an enhanced physical environment in addition to
exercise when compared with exercise performed in a
standard setting.
The three-armed RCT design of the present study has
several advantages. It has been widely discussed whether
the placebo effect can be explained by spontaneous
remission or regression towards the mean.15 72–74 To
rule out either of these as explanatory factors of a pos-
sible effect, the WL group is included in the design as
an untreated reference group. The WL group illustrates
the natural course of disease for the study population
during the study period. Consequently, if a difference is
seen between the two exercise rooms, the WL group
enables an assessment of whether the difference is
caused by spontaneous remission by comparing the
exercise groups to the WL. To optimise the number of
study participants, a 2:2:1 allocation with half the
number of participants allocated to the WL is chosen.
The three-armed design also allows for a test for trend
across groups. This form of analysis has been previously
applied in a study investigating context effects originat-
ing from patient and practitioner interaction.44
Context effects are a multifactorial concept and several
factors, other than the physical environment, may contrib-
ute to the context effect of a given treatment. Literature
reviews on context effects have additionally suggested
factors, such as characteristics of patients/participants,
practitioner/instructors or treatment and nature of
disease, as potentially contributing to the total context
effect, and theoretically components may interact and pos-
sibly have synergistic effects.8 9 16 24 75 Especially the inter-
action between patient and practitioner has been
suggested as a signiﬁcant contributor to context
effects.44 76–85 In a recent study, Kaptchuk et al44 found that
patients with irritable bowel syndrome, who were treated by
a warmer and friendlier practitioner, had signiﬁcantly
better results from sham acupuncture than those treated
by a practitioner, who limited eye contact and avoided con-
versation. Similarly, Suarez-Almazor et al83 found that
patients with knee OA treated with sham acupuncture by a
practitioner, who expressed high expectations to the treat-
ment, had better outcomes than those treated by a practi-
tioner with a neutral position towards treatment effects.
Although interaction between the patient and the practi-
tioner is suggested as the most robust component of
context effect, behaviour, communication and interaction
between patient and practitioner are difﬁcult to change
and may be hard to reproduce. An advantage in exploiting
the potential context effect from the physical environment
is that the components of the environment can be thor-
oughly described and more easily implemented or
changed in existing exercise environments.
There are some limitations to the study design that
must be acknowledged. The multifactorial concept of
context effects questions whether the physical environ-
ment can be isolated and studied alone. Several actions
are taken to isolate the physical environment as the only
difference between groups in this trial. The exercise pro-
gramme is standardised and delivered in a group
fashion by the same instructors, and all instructors have
supervised in both physical environments. Consequently,
treatment characteristics are similar between the inter-
vention groups. Participants’ characteristics, known and
unknown, should be equally distributed between groups
as a result of the randomisation process. Any speciﬁc
characteristics that may originate from the instructor or
from instructor–participant interaction should also be
comparable between groups, as instructors supervise in
both rooms.
Additionally, the nested qualitative study is aimed at
investigating how the physical environment may affect
the behaviour of the participants or instructors or the
interaction between them. The study will elucidate these
issues and help explain the process of how a standard
and enhanced physical environment affects participants
and instructors.
This study is designed to investigate the signiﬁcance of
the physical environment for the effects of exercise
therapy and rehabilitation. The design of the study is novel
and the results will provide knowledge on the signiﬁcance
of creating an optimal context for exercise therapy.
Further studies investigating context effects of treatment
are warranted to further enhance treatment effects.
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